SUEELI~-CFEITRT
Flectric Cc.)

........ )

Bo

(51S3-C5=117662)

Y - CESSAl:)N‘.INUZ\/l‘)BEi) i'}” (THRU)
AC ,
) 0K
< u,uur:)
3 // (IS E f NI

CE-ENTIFY TESTS
57 p

SUPPORT PRUGKAN "~

SOME TRAJECTORY CONSIDERATIONS
FOR

APOLLO SUPER-ORBITAL RE-ENTRY

Report APSO-VE-101

Contract NASw 410

DEFENSE SYSTEMS DEPARTMENT

S/ (NASA CR OR TMX OR"AD NUMBER) (CATEGORY)

GENERAL @D ELECTRIC

AVAILABLE TO NASA OFFICES AND NASA
SE

(General
Unclas

AVAILABLE TO NASA HEADQUARTERS ONLY

13 August 1962

e SYRACUSE, N.Y.

. A POLLO

! AECILC SUPECRT TENGEAN:
SCRE TERJECTCEY CCNSILER FATIONS FOF APBCLLC

*)



ONW

CLASSIFICADY

Report APSO-VE-101
Contract NASw-410

APOLLO
SUPPORT PROGRAM

SOME TRAJECTORY CONSIDERATIONS
FOR
APOLLO SUPER-ORBITAL RE-ENTRY TESTS (U)

13 August 1962

Authority: Letter Contract
Contract NASw-410

—-
SRttt dialiibiiiad s

B T eers—T Y
i ietelbien-

NOTME: This materjgdontains i ation affeggng the nation efense of the Unjyg® States
wighfn the meaog® of the EsggMage Laws, e 18 U.S.C. tions 793 and he trans-
sion o ation of in any f 1O an una 1zed personsd ibited by law.

By
R. Becker

Propulsion Engineering

Defense Systems Department
General Electric Company

Syracuse, New York

an@OMMDENTMA]. ii



Report APSO-VE-101
Contract NASw-410

DISTRIBUTION LIST

Copies
OMSF Attn: MPR C 25
Deputy Director for Systems 15
Contracting Officer
General Electric Co,
Contract Administration 1
System Programming 1
General Manager - Apollo Program Support Operation 1
General Manager - DED 1
General Manager - DSD 1
Manager - Integration Support 10
Manager - Reliability Assessment 3
Manager - System Checkout
Manager -~ Marketing, APSO
Manager - Vehicular Engineering 10
Manager - I&GPS 3
Manager - Electronic Systems Engineering
Manager - Finance, APSO 1
Apollo DDCS 21
o iii




Report APSO-VE-101
Contract NASw~410

ABSTRACT

This report describes the study of five Saturn C1 launch vehicle configurations for the
Apollo super-orbital re-entry tests. The study included computation of trajectories
and evaluation of performance of the five vehicle configurations, as well as an assess-
ment of payload weight and velocity that can be achieved under re-entry conditions.
The necessity for considerable reduction in the payload weight to achieve the velocity

required was disclosed by this study.
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SUMMARY

Trajectories and performance were computed for the following five launch vehicles

considered for use in the NASA super-orbital re-entry tests of the Apollo command
module,

Vehicle Stages
1 S-I + S-IVB
2 S-I1 + S-IVC
3 S-1 + S—IV)C+ Storable Service Module
4 S-I + S-IVB + 8-V
5 S-I + S-IVB + High-Energy Service Module

The trajectories were calculated by using existing two-dimensional flight programs on
an IBM 7090 computer, with vehicle parameters adjusted to intercept a re-entry point
of 400, 000 feet altitude and an angle of -5, 3 degrees, at a velocity that approached

36, 000 feet per second as closely as possible, The trajectories were not optimized
because of time limitations and those of existing programs, but the results summa-
rized in this report are considered representative of the performance which can be
achieved with each of the vehicles studied.




INTRODUCTION

The Office of Manned Space Flight of the National Aeronautics and Space Administration
Headquarters has been considering the requirements and implementation of the Apollo
Super-Orbital Velocity Re-entry Test Program. As a part of this program coordina-
tion, the performance of the Saturn-C1 class of vehicles, potentially available in the
time period of the proposed tests, is being considered to assess payload weight and the
velocity that can be achieved under re-entry conditions. This report provides informa-
tion pertinent to the study to supplement the work now in progress at the various NASA
facilities,




CALCULATION PROCEDURE

COMPUTER PROGRAM

A spherical, non-rotating earth is assumed, with the flight path in a single plane pas-
sing through the center of the earth, The missile is launched vertically, and after

20 seconds a specified kick angle is applied, A gravity-turn (zero angle of attack)
flight is then flown for the duration of first-stage powered flight. At second-stage
ignition, a linear thrust attitude control program may be inserted or the gravity turn
may be flown throughout the powered flight. Coast phases for specified time periods
may be inserted only between burning stages (interrupted stage burning was not
considered),

The missile is considered as a point mass, and the four differential equations of
motion (References 1 and 2) are solved, by using the Runge-Kutta method, to give a
continuous record of altitude, earth range, velocity, and acceleration. Each stage
burns at a prescribed fixed rate until the propellant in that stage is exhausted, Then
the empty weight of that stage is separated and the following stage is fired, with the
burnout conditions of the preceding stage serving as initial conditions. Atmosphere
computations are based on the 1959 ARDC model atmosphere and a drag coefficient
versus Mach number table submitted by the user, For this study the following tabu-

lation was used:

Mach Number Drag Coefficient
0 1.000
0.560 0.2900
1,000 0.7100
1,222 0.7300
2.000 0.4700
3.000 0.3000
4,000 0.2100
5.000 0.1700
6.000 0.1300
7.000 0.1100

L




Drag data were included only during the first-stage powered flight,

At burnout of the final stage, apogee and impact data are computed by using Kepler's
equations and assuming a ballistic trajectory to impact, Also computed are the orbit
parameters: semi-major axis, eccentricity, and period, One may also select inter-

mediate tabulation of parameter values during free flight to apogee or impact,

A typical set of the complete digital computer printout is included in Appendix A, to
illustrate detailed trajectory information for Configuration No, 4,




GENERAL METHOD

Since the first-stage flight was vertical for 20 seconds followed by a gravity turn, the
only variable involved during first-stage flight was the kick angle (ek) applied at the
end of the vertical flight (t = 20 seconds). At first-stage burnout, a coast period
could be inserted if desired. The upper stages were then flown with a linear thrust
attitude program which was specified by two variables: (1) The initial thrust vector
angle (\Ifo), and (2) the rate of change of the thrust vector angle (\.If). For the three-
stage launch vehicle configurations, a coast phase could also be inserted between the

second- and third-stage powered phases,

For each configuration, various combinations of the variables involved (g, \Ilo, \if) were
considered, and several combinations were found which yield trajectories that satisfy
the specified re-entry conditions of a path angle of -5.3 degrees at an altitude of
400,000 feet, The trajectory that met these specified end-conditions and produced the
highest velocity was assumed to be the best trajectory for that particular launch vehi-
cle configuration. For each configuration there are many combinations that would
produce trajectories that would also satisfy the required end-conditions, but it was

impractical to investigate all combinations with the existing computer program,

If time had permitted, the more nearly optimum trajectories could be derived by using
calculus of variations methods., However, such a program was not available at the
time of this study. Further, it is assumed that the trajectories selected are adequate

to indicate the type of performance achievable with each launch vehicle configuration,



DETAILED DESCRIPTION

INTRODUCTION

Table 1 defines the five launch vehicle configurations studied. Table 2 shows the per-
formance parameters such as thrust, specific impulse, propellant weight, and empty
weight for the various stages used in the five launch vehicle configurations, In all
cases, the thrust-to-weight ratio at launch was 1.25, This in turn fixed the gross
weight at lift-off at 1, 210, 000 pounds.

Figure 1 is a curve of altitude versus range for the best trajectory obtained for each
configuration,

CONFIGURATION NO, 1

This configuration is a two-stage vehicle consisting of the S-I first stage and the S-IVB
second stage. The computer trajectories for this configuration were based on a pay-
load of 10,523 pounds, and the assumption that the first stage was fully loaded and
propellant was off-loaded from the second stage, in order not to exceed the maximum
launch gross weight of 1,210, 000 pounds., Figure 2 is a plot of the significant trajec-
tory parameters for the bést trajectory obtained for this configuration. Table 3 lists
the stage weights, propellants consumed, and velocities calculated for this case, The

ideal velocity was 35, 786 feet per second, and the actual velocity was 30,100 feet
per second,

If the second stage is fully loaded and the first stage is off-loaded, the ideal velocity
for this configuration would increase to 37,116 feet per second for a payload of

10,000 pounds. Assuming that the velocity losses for this propellant loading would be
the same as for the computed case, this would then indicate an actual velocity of

31, 430 feet per second, Figure 3 shows the estimated variation of actual velocity with
payload for Configuration No, 1, for the case of the fully loaded second stage and off-
loaded first stage.




Table 1

Five Launch Vehicle Configurations and Re-entry Velocities
for a 10, 000-1b Payload

Approximate Velocity at
Configuration Stages Re-entry Point for
10, 000-1b Payload
1 S5-I + S-IVB 31,430
2 S-1 + S-IVC 31, 625
3 S-1 + S-IVC + S/M (Storable) 30, 080
4 S-I1 + S-IVB + S-V 33,700
5 S-1 + S-IVB + S/M (High Energy) 32,910

Table 2

Performance Parameters of the Various Stages Used in the Five
Launch Vehicle Configurations

_ _ _ _ (Storable) | (High Energy)
S-1 S-IVB S-1IVC S-V S/M S/M

Thrust (sea level)

(Ibs) 1,513,000 - - - - -
Thrust (vacuum)

(1bs) 1,693,400 | 200,000 | 400,000 | 30,000 | 21,500 15,000
Specific Impulse
(sea level) (sec) 255.4 - - - - -
Specific Impulse
(vacuum) (sec) 286 422 420 420 315 420
Propellant Weight
(fully loaded) (lbs) 850, 000 | 230, 000 | 330,000 § 30,000 39,930 15,000
Empty Weight

(1bs) 131,200 25,833 34,128 5,000 10,754 5,000
Total Effective
Exhaust Area

(£t%) 85.255 | 32.5 65.0 - - -

o




COOMEDENT--

Table 3

Summary of Performance Parameters for the Best
Trajectory Obtained for Configuration No., 1

Configuration No. 1

First-Stage Kick Angle = 1,0 degree
Second-Stage Thrust Vector Program:

\IIO = 55 degrees
¥ = 0.1548 degree/sec
R/E Conditions (Payload Wt. = 10,523 Ibs)
h = 400,000 ft
vy = 95,8 degrees
V = 30,100 ft/sec
S-1 Stage
Avactual = 6637 ft/sec Wp = 850,955 lbs
AV .. = -3883 ft/sec W = 130,245 Ibs
gravity e
Avdrag = - 294 ft/sec Avg. ISp = 273 sec
AV = 0 ft/sec
«
Avideal = 10, 814 ft/sec
S-IVB Stage
AV, el = 23, 431 ft/sec Wp = 192,444 lbs (off-loaded)
Avgravity = -1,468 ft/sec We = 25, 833 lbs
AV drag = 0 ft/sec sp = 422 sec
AV = - 73 ft/sec
o
Avideal = 24,972 ft/sec
Coast

Velocity Increase = 32 ft/sec

Total: Vi deal

Vactual -

]

35,786 ft/sec

30,100 ft/sec

Combined Velocity Loss = 5, 686 ft/sec
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CONFIGURATION NO, 2

This configuration is also a two-stage vehicle with the S-I first stage and the S-IVC
second stage. As in the case of Configuration No, 1, the computer trajectories for
this vehicle were based on off-loading the second stage and a payload weight of

10,007 pounds. The best trajectory obtained for this configuration is shown in Fig-
ure 4, and the important performance parameters are summarized in Table 4, With
the second stage off-loaded, the ideal velocity is 33,174 feet per second and the actual
velocity is 27,950 feet per second,

For the fully loaded second stage, ideal velocity increases to 36, 849 feet per second
for a payload of 10, 000 pounds. The corresponding actual velocity would then be

31, 625 feet per second assuming that velocity losses are unchanged. Figure 3 shows
the variation of actual velocity with payload for the latter launch vehicle propellant
loading.

CONFIGURATION NO, 3

This configuration is a three-stage vehicle consisting of the S-I first stage, the S-IVC
second stage, and a service module utilizing storable propellants as the third stage.
All data for this vehicle were obtained for a payload of 10,589 pounds by assuming the
upper stages to be fully loaded and the first stage off-loaded. The best trajectory
obtained for this vehicle is illustrated in Figure 5 and Table 5, Figure 6 shows the
variation of actual velocity with payload for this configuration. The curve is based on
computer data for a payload of 10,589 pounds. The other points on the curve were
calculated by hand with constant velocity loss.

CONFIGURATION NO, 4

Configuration No. 4 is a three-stage vehicle consisting of the S-I first stage, the S-IVB
second stage and the S-V third stage. The computer data for this vehicle were based
on a payload of 9970 pounds and the assumption that the upper stages were fully loaded
with the first stage off-loaded. The best trajectory obtained for this vehicle is de-
scribed in Figure 7 and Table 6, Based on.this computer point a curve of the variation
of actual velocity versus payload weight was generated (Figure 6), The computer

printout for this configuration is included in Appendix A,
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Table 4

Summary of Performance Parameters for the Best
Trajectory Obtained for Configuration No, 2

Configuration No, 2

First-Stage Kick Angle = 1.2 degrees

Second-Stage Thrust Vector Program:
\Ifo = 65 degrees
¥ = 0.2750 degree/sec

R/E Conditions (Payload Wt. = 10,007 lbs)
h = 400,000 ft

vy = 95,3 degrees
V = 27,950 ft/sec
S-1 Stage
Avactual = 6,832 ft/sec Wp = 850,955 lbs
Y ... = -3,663 ft/sec w = 130,245 lbs
gravity e
Avdrag = - 316 ft/sec Avg, ISp = 273 sec
AV = 0 ft/sec
«
Avide,al = 10, 811 ft/sec
S-IVB Stage
AV, tual = 21,086 ft/sec Wp = 184,665 lbs (off-loaded)
Avgravity = -912 ft/sec We = 34,128 1bs
AVy4 = 0 ft/sec | = 422 sec
rag sp
AV, = -365 ft/sec
Avideal 22, 363 ft/sec
Coast
Velocity Increase = 32 ft/sec
Total: Videal = 33,174 ft/sec
Vactual = 27,950 ft/sec
Combined Velocity Loss = 5224 ft/sec
14 ~OONEDINNIER
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Table 5

Summary of Performance Parameters for the Best
Trajectory Obtained for Configuration No, 3

Configuration No. 3

First-Stage Kick Angle = 1.2 degrees
Second- and Third-Stage Thrust Vector Program:
¥ o = 30 degrees
¥ = 0.1598 degree/sec
R/E Conditions (Payload Wt, = 10,589 lbs)
h = 400,000 ft
vy = 95.8 degrees
V = 29,800 ft/sec
S-1 Stage
AV = 3371 ft/sec AV = 0 ft/sec W_ = 653,486 lbs
actual o P (off-loaded)
Avgravity = -3127 ft/sec Avideal = 6796 ft/sec We = 131,702 lbs
Avdrag = - 298 ft/sec Avg. ISp = 270 sec
S-IVC Stage
AVactua1 = 16,503 ft/sec AVa = -1,073 ft/sec Wp = 329,745 lbs
Avgravity = -2,769 ft/sec Avideal = 20, 345 ft/sec We = 34,382 lbs
AV4 = 0 ft/sec I = 422 sec
rag sp
S/M (Storable)
AV = 9,844 ft/sec AV = -870 ft/sec W_ = 39, 341 Ibs
actual o p
Avgravity = +131 ft/sec Avideal = 10,583 ft/sec W, = 10,754 lbs
AV drag = 0 ft/sec Isp = 315 sec
Coast

Velocity Increase = 82 ft/sec

Total: AV 37,724 ft/sec

ideal
AV

actual 29, 800 ft/sec

Combined Velocity Loss = 7,924 ft/sec

16
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Table 6

Summary of Performance Parameters for the Best
Trajectory Obtained for Configuration No, 4

Configuration No, 4

First-Stage Kick Angle = 1.0 degree
Second- and Third-Stage Thrust Vector Program

¥ = 10
(o]

¥ =

R/E Conditions

degrees

0.1690 degree/sec

h = 400,000 ft

(Payload Wt, = 9,970 lbs)

Y = 95.2 degrees
V = 33,720 ft/sec
S-I Stage
AV = 5146 ft/sec AV = 0 ft/sec W_ = 776,830 lbs
actual * P (off-loaded)
AVdrag = - 292 ft/sec Avg. Isp = 272 sec
S-IVB Stage
AV = 13,852 ft/sec AV = -2,092 ft/sec W_ = 229,890 lbs
actual o p
AV rayity = 791668 ft/sec AV, .. = 19,612 ft/sec W = 25,943 Ibs
AV = 0 ft/sec = 422 sec
drag sp
S-V_Stage
AV, 11 = 14,658 ft/sec AV = - 689 ft/sec W, = 30,080 1bs
AVoravity =+ 489 ft/sec AV, . = 14,858 ft/sec W_ = 5,000 Ibs
AV = 0 ft/sec = 420 sec
drag sp
Coast

Velocity Increase = 64 ft/sec

Total: Vi deal 43,564 ft/sec
Vactual = 33,720 ft/sec
Combined Velocity Loss = 9,844 ft/sec
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CONFIGURATION NO, 5

This configuration is a three-stage vehicle consisting of the S-I first stage, the S-IVB
second stage, and a service module which uses high-energy propellants (hydrogen-
oxygen) as the third stage. The computer data for this vehicle were generated for a
payload of 9972 pounds by assuming that the third stage was fully loaded and both the
first and second stages were off-loaded. The best trajectory obtained for this vehicle
by using these assumptions is described in Figure 8 and Table 7.

By fully loading the two upper stages and off-loading only the first stage, the vehicle
ideal velocity is increased from 39, 690 feet per second (Table 7), as run on the com-
puter, to a value of 40, 960 feet per second. Using the velocity loss for the computer
data, this would then yield an actual velocity of 32, 890 feet per second. The variation
of actual velocity with payload was calculated by assuming that the two upper stages
were fully loaded and that the first stage was off-loaded as shown in Figures 3 and 6.
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Table 7

Summary of Performance Parameters for the Best
Trajectory Obtained for Configuration No, 5

Configuration No, 5
First-Stage Kick Angle = 1.0 degree
Second- and Third-Stage Thrust Vector Program:
\Ifo = 31,5 degrees
¥ = 0.1820 degree/sec
R/E Conditions (Payload Wt, = 9,972 1bs)
h = 400,000 ft
v = 95,0 degrees
V = 31,620 ft/sec
S-1 Stage
AV = 6,060 ft/sec AV = 0 ft/sec W_ = 824,270 lbs
actual @ P (off-loaded)
Avgravity = -3,804 ft/sec Avideal = 10,157 ft/sec We = 136,930 lbs
Avdrag = - 293 ft/sec Avg, ISp = 273 sec
S-IVB Stage
Avactual = 16,810 ft/sec AVa = -494 ft/sec W_ = 192,444 lbs
P (off-loaded)
Avgravity = -2,855 ft/sec Avideal = 20,159 ft/sec We = 26,356 Ibs
AV drag - 0 ft/sec ISp = 422 sec
S/M (High Energy)
AV = 8,734 ft/sec AV = -1,204 ft/sec W_ = 15,028 lbs
actual a P
Avgravity = + 564 ft/sec Avideal = 9,374 ft/sec We = 5,000 lbs
AV drag - 0 ft/sec ISp = 419 sec
Coast
Velocity Increase = 15 ft/sec
Total: Videal = 39,690 ft/sec
Vactual = 31,620 ft/sec
Combined Velocity Loss = 8,070 ft/sec
22 GONRDINNI-




RESULTS

For each of the five launch vehicle configurations studied, a representative trajectory

was obtained for one payload weight (Figures 1, 2, 4, 5, 7, and 8).

The trajectory attitude program, propellants consumed, stage burnout weights, average
stage specific impulse, and a breakdown of the various velocity losses incurred are

tabulated for each configuration in Tables 3 through 7,

Table 8 presents in tabular form trajectory parameters at stage burnout conditions for
each of the five launch vehicle configurations. Data are presented for the best trajec-
tory obtained for each configuration and also for several other trajectories that also

met the specified end-conditions,

It was observed during this study that the trajectories are quite sensitive to some of
the attitude program variables. As an example, for a given first-stage kick angle (ek)
there is an allowable variation of about 10 to 20 degrees of the initial thrust vector
angle (\Ifo) in order to intercept the specified end-conditions. It was also found that for
a given first-stage kick angle (ek) and a given initial thrust vector angle (\Ifo) the rate

of change of the thrust vector angle, or pitch rate, (¥) is extremely critical. This is
illustrated in Table 9. For the case shown the pitch rate (¥) must be accurate to
within approximately +0.004 degree per second. This could present a practical limita-

tion because of the accuracy of the control system required.

For Configurations No. 1 and No. 2 the effect of coasting between stages was studied.
Based on the somewhat limited results (Table 8) it is believed that no appreciable gain
in velocity can be achieved by coasting between stages for Configurations No, 1 and
No. 2. Coasting data obtained for the other configurations was too limited to permit

drawing any conclusions.

Figures 3 and 6 show that even with drastic reductions in payload, Configurations No, 1,

No. 2 and No, 3 would not be able to supply the desired velocity of 36, 000 feet per sec-
ond, For ConfigurationNo. 5 the payload wouldhave to be reduced to about 6000 pounds

before the desired velocity could be achieved, With Configuration No. 4 a reduction in
payload to approximately 7000 pounds would be necessary.,

w"OONNDEMELL.. 23
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Table 8

Re-entry Conditions
1st Stage Burnout 2nd Stage Burnout 3rd Stage Burnout at 400, 000 feet

Configuration No, 1 b R v v t b R v v t [ R v ¥ t R v

£t x 10| @mt.) | (@1/0ec) | (dog) | (sec) [ (1t x10™) | (o.mi) | te/sec) | em) | tsecr [t x207) | (w.mi) [ (tt/mec) | (deg) | (s00) | @.mt) ] (vmec)

(deg) | (sec)

G.T. Throughout
6 = 0.55 degres 0.26 | 18.6 | 6224 [34.4 |143.5 | 1,838 | e92.0 | 26,087 [s0.8 | sen.5 15,833 | 27,640

96.0 | 5,842

and
= 0,480 o.241 8.4 6170 1304 11435 | e,79¢ 51,8 | 27,386 (80,8 | 593,5 1,822 | 27,820

5.4 734

Stage; ¥, = 56 degroed
¥ = 0.1548 degree/sec o196 | 30.6 | 6837 |s6.4 |143.5 | o427 [s20.8 | 30,068 [06.1 | 549.5 970 | 30,100

95.8 558

Configuration No, 2

G.T, Throughout
€ = 1.180 dogroes 0,177 34,4 6813 {63.5 |143.5 | 0,686 470.0 | 27,850 | 83.6 | 338.5 18,050 | 28,160

95.2| 6,757

*G. T. Lst Stage,

= 1,2 degrees
2nd Stage, ¥ = 65 degreas
¥ < 0.2750 degree/sec 0.175 .7 6832 |64.2 |143,5 | 0.430 478,0 | 27,913 (95,5 | 338.5 525 | 27,950

95,3 349

G.T, 1t Stage,
€ = 1.0 degree zndstage
¥, = 75 degrens
¥ = 0,205 degree/sec 0.186 | 30.6 | 6637 |56.4 |143.5 | 0.456 | 4570 [ 27,540 |95.6 | 3385 546 | 27,600

G.T. 1st Stage
G = 1.2 degrees 50 sec
coast 2nd Btage,
¥, = 55 degrees,

¥ = 0,328 degree/sec 0,175 .7 6832 [64.2 [143.5 | o0.423 520.0 | 27,721 |95.4 | 388.5 564 | 27,700

Configuration No. 3

+G.T. 1st Stage,
& = 1.2 degrees 2nd
and 3rd Stages,
¥, = 30 degrees
¥ = 0.1598degree/sec | 0.093 | 115 | 3371 [s53.7 |110.2 | c.e83 | 4s5.0 | 19,874 |83.1 | 458.4 0.477 | 2050 | 20,718 96.3 |1034.4| 2,768 | 20,800

95.8 1,058

G.T. 1st Btage,

= 1.2 degrees 2nd
and 3rd Stages,

= 20 degrees

¥ = 0,1760 degroe/sec | 0.093 11.5 3371 [53.7 [110.2 | 0.908 42,0 | 18,789 | 78.0 | 458,4 1.143 2402 | 27,578 98.2 |1034.4| 3,390 | 28,375

95.4 1,258

¥,
€ = 1.0degree 2nd

nd 3rd Stages,
¥, = 48 degrees

¥ = 0.054 degree/sec 0,698 9.9 3285 |46.5 [110.2 | 0,714 487,0 | 19,396 {76.9 | 458.4 3.005 2373 | 28,469 | 76.8 [1034.4 | 18,600 | 29,050

o
G.T. lst Stage,
ar
o

95.6| 8,338

Configuration No. 4

*G. T. 1at Stage,
= 1,0 degree 2nd

and 3rd Stages,
o = 10 degrees

= 0.1690 degres/sec | 0.154¢ 20,8 5146 [53.4 [131.0 | 0,941 662,0 | 18,998 (87.2 | 616.0 0.460 2343 | 33,656| 95.9 |1036,0| 2,445 | 33,720

=

«

85,2 1,055

AR

. T. 18t Stage,

= 0.40 degree 2nd
3rd Stages,

= 30 degrees

= 0,0664 degree/sec | 0.185 9.3 | 4753 {24.0 [131,0 | 1821 | 5170 16,287 731 | 616.0 S92 | 1738 | 27,885{ 71.9 |1036.0| 18,546 | 31,040

<-°<-i,r

96.4 13,071

G.T. 1t X
= 0.60 degree 2nd

nd 3rd Stages,
o = 35 degrees

= 0,06273 degree/sec | 0.176 13.5 4863 | 34,

=

-

©

1310 | 1.344 615,0 | 17,510 | 76.5 | 618.0 3,557 1840 | 20,088 71.5 [1036,0| 19,170 | 31,880

96.6 | 16,752

0|

. T. 1st Stage,
g = 0,80 degree 2nd
and 3rd Stages,

¥, = 40 degrees

¥ = 0, 0586 degree/sec 0.166 17.4 4998 44.7 |131,0 0.998 703.0 | 18,772 | 80,2 616.0 3.012 2159 30,448 71,9 |1038.0| 19,814 | 32,730

96,9 22,612

Configuration No. §

*G.T. 1st Stage,

4 = 1.0degree 2nd
and 3rd Stages,

¥, = 315 degrees

= 0.182 degree/sec 0,179 26.7 6060 |55.4 [139.0 | o.950 739.0 | 22,871 | 88,6 | 545.0 0.418 2528 | 31,605| 95.2 [965.0 2,560 | 31,620

95.0 972

. 1st Stage,
= 0,40 degree 2nd

¥
G,
%
and 3rd Stages,
v
o

¥ = 0,197 degree/sec 0,222 12.1 5586 | 25,1 [135.0 | 1.834 499.0 | 19,268 (62,6 | 545.0 1.600 1934 | 27,137( 99.4 [965.0 3,365 | 28,400

95.4| 1,207

Tabulation of the Stage Burnout and Re-entry Conditions for Some
Trajectories Obtained for Each of the Launch Vehicle
Configurations Studied

Typical
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ADDITIONAL CONSIDERATIONS

Other factors that can have a significant influence on the results are the following:
1, Propellant reserves,

. Interrupted burning with coast during second (or third) stage operation.

. Increased thrust/weight ratio of upper stage.

Reduction of launch thrust/weight ratio below 1,25,

[S1IE ~ S VI \]

. Consolidation of certain fixed weights, such as batteries, from the upper
stage into the C/M.,

6. Downrange position of re-entry, and impact points.

While none of these factors was evaluated in the detailed calculations of this study,

some thoughts have emerged which appear worthy of note.

Propellant reserves were not considered specifically. Increase of reserves for these
special tests would result in performance penalties, particularly in the upper stages,
where there is a one-pound decrease in payload for every pound of residual propellant

in the reserves,

Value of coasting during, rather than between, stage operations may have possible
beneficial results, A coast at the right time permits time for gravity to turn the flight

path downward, with subsequent firings with thrust directed downward,

Increased thrust/weight ratio of the upper stage may be beneficial, also, for essen-
tially the same reason. The higher thrust minimizes burn time, facilitating a longer

coast and downward acceleration during burning.

Reduction of launch thrust/weight ratio would represent substantial performance gains.
With a more completely filled first stage, velocity could possibly be increased as much
as 1000 feet per second. However, disadvantages of the lower thrust/weight ratio are

well known, and may preclude such a possibility.

26 CONMNDENTIRES




TN

Repositioning of weight, such as batteries, guidance, and controls, from the third
stage to the C/M provides obvious advantages, For the same upper-stage burnout
weight, the C/M weight is increased one pound for every pound transferred from the
upper stage.

While not considered during this study, it may become appropriate to consider the
position of the down-range re-entry and impact points. Constraint because of the
location of these points for tracking and observation, may prove to be the controlling
factor for trajectory selection.
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APPENDIX A

SAMPLE DIGITAL PRINTOUT FOR LAUNCH
VEHICLE CONFIGURATION NO., 4

For reference purposes, a complete set of the digital data for launch vehicle Configu-
ration No. 4 is included in this section, The data are annotated and are self-
explanatory, except for the method of calculating thrust, The following equation is
used by the computer:

Pa
F = PCAt Cf - GP—'

vac C

which can be rewritten as

F = PcAth - eAtPa
vac

to calculate thrust. Suitable values for the parameters Pc and C , as shown on the

fvac
first page of the computer printout, were assumed in order to facilitate the use of the

existing computer program,
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